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INTRODUCTION 


Wood burned for commercial heat and power usually is waste material 
from some manufacturing process. The amount of it reaches substantial 
Proportions. It is estimated that over 50 percent of the timber cut for 
lumber becomes “waste” in the process - sawdust, shavings, trimmings, slabs, 
and bark, Woodworking manufacturing processes also produce mech waste. 

The incentive to use this waste has resulted in mch development of wood- 
burning equipment to produce heat and power. To answer general inquiries 
recelved by the Bureau, this publication covering developments along these 


lines vas written. Thore is included a bibliography of additional information 
on the subject. | 


COMPOSITION AND BURNING CHARACTERISTICS OF WOOD 
The approximate composition of moisture-frs3e wood is, in even figures: 


Percent 
Hydrogen. eceve 
Carbon.cesecee 9 
OxyBenecececee Hh 
BANG d5 essere 6 eS aca 
. Total. eee-e LOO 


This composition corresponds to about CiH,,0<. Moisture is essentially always 
associated with wood. Green wood contains approximately 30 to 50 percent 
misture; air-dried or seasoned wood contains 15 to 25 percent and kiln-dried 
rae 8 percent, Exposed to the weather, wood absorbs and gives off moisture 
Pending on weather conditions and water contact. | 


= “Dry" wood ignites relatively quickly and readily gives off volatile 
ter when heated, Long flames and smoke easily occur during burning. The 
a action is substantially retarded, however, by appreciable moisture 
ion a ignition is more difficult. When the misture content is mre than 
0 percent, an auxiliary fuel is required to maintain combustion. One 
ae ° Min factors in the problem of the satisfactory and smokeless com 
lon of wood is its moisture content. : : 7 


TYPES OF WOOD-WASTE FUELS 


ts tere only a small quantity of wood waste is produced at a plant, it 
ch euently burned in the form as produced, such as a mixture of trimmings, 
5» shavings, and sawdust. 
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Where a large quantity is made up of pleces of various sizes, they are 
generally run through a “hogging” machine, after which shavings and sawdust 
may be added. <A hogging machine chips the wood to a more uniform product 
called "hoggod fucl" that can be handled and burned more efficiently. There 
are numerous typos of hogging mathinos. Basically, they consist of sharp 
knives fastened to a rapidly rotating shaft or drum surrounded by a housing, 
‘a section of which is equipped with hoayvy plate, against which tho wood is 
chipped. Figures 1 and 2 show two typos of hogging machines. Hogged fuel is 
measured by volume, “the standard unit boing 200 cubic feet without packing; 
its weight varies widely, depending on the type of wood, the mixture of sizes, 
and the water content, say from 2 »900 pound with the Lower moistures of about 
50 percent: to 5,500 pound with the higher moistures of about 50 percent. 


5 - Sawdust with the chips removed is used as fuel, particularly for 
“* gmaller commercial buildings. Sawdust with and without shavings and other 
small wood refuse also is briquettod, These briquottes usually take the form 
of pellets about 1 inch in diameter by 1 inch in length, suitable for stoker 
use, or of cylindrical briquettes about 4 inches in diameter and 12 inches 
in length, weighing about 8 pounds oach, for hand firing. Sander dust is 
used for fucl at some mills. This is a fine wood dust produced in smoothing 
the surface of wood with sanding machines. 


At some plants the wood wasté burned is principally bark. This may vary 
in moisture content from 40 to even 80 percent, Tanbark or spent bark is the 
fibrous portion of ground odk or hemlock bark used in tanning leathor. As 
fired, it is a pulpy mess containing 65 to 80 percent moisture. 


HEATING VALUE AND ANALYSES 


An average calorific value of moisturo- and resin-free wood is about 
8,300 B.t.u. per pound; that of resin is about 16,900 B.t.u. per pound. 
Among woods whose calorific value is considerably influenced by varying 
contents of resin aro long-leaf pine, short-leaf pine, loblolly pine, western 
yellow pine,pinion pine, pitch pine, cedar, juniper, and cypross. The 
calorific value cannot be calculated closely from the analysis because of 
the high oxygen content and the effect of a a ‘amounts of resins. Table 1 
BaNer example JSOR ECE of wood fuels. 


‘TRANSPORTATION TO PLANT 


_ The method of transporting log wood to the mill may affect the exact 
analysis of the resultant wood waste. If logs are dragged overland, a 
considerable amount of sand and other earthen material may collect on the 
bark and surfaces of the wood, Such undesirable material increasos the ash 
of the wood-waste fuel. As the amount of the natural ash of the wood is 
quite low, this increase may be relatively high. If the logs are floated, 
the moisture of the bark and surfaces may increase; if floated in salt water, 
salts and marine growths may accumlate on the surface, It is desirable 
to remove foreign ash mterial if possible. Figure 3 shows a water-spray 
method of roducing the amount of such material before the log enters the 
processing plant. 
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Figure |. - Type of hogging machine. (Top) Side view. (Bottom ) 
Casing opened showing revolving drum with cutters. 


or Garrett and Shafer Engineering Works, Seattle, 
Wash. 
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Figure 2. - Type of hogging machine, top casing open to show revolving drum 
with cutters. (Courtesy, Mitts & Merrill, Inc., Saginaw, Mich.) 


viaitizes by (40 gle THE OHIO STATE UNIVERSITY 


sbo| $0 y44eq BY} WOAY [elsazew 


*j}ue|d ssad0ud Hbulsszue 0} snolAosd 
ub 1940} pue Z4ip BulAowes 4O poyjyow Aeuds-sazem - “"g Oandly 


“we 


7 


Le i 


D>" oe ee 


VER 


| from 


i 
STATE UNI\ 


HIC 


| 
I 


EO 


TH 


by Go gle 


Tor 
fou 


Digiti 


C69e 


0092 oft‘g | 016 | 
er | : 
O { | 
6qL | | 
@) 
oqt | 
9°6 : 
| 
Sha § : o | he 
Ch ott , G76 ; 
t° ee €°gl ; 6° tt 
9° TL 


Its TTS 

sBel[snog | se[Znog 
‘sz 7enbyaq | ‘ueoud 
PSNpAVg pSsnpasg 


‘ 


ol9* t | 00'S ' of 9E : olG 
0 _ 0 | 0 
, 6° LG , 0°69 '  Qtt9 
oe ‘ } O t T° 
|S°€E | ate =| G92 
, 0°8 d 6°8 } G°9g 
| i 
o°T i$" | 6° . oT 
6°98 Ut | 6°6 ' =. gg 
6° oh \S°G | €°Te | 6°Ob 
o° Lt fe | 6° 4° 0G 


ITg 

setznog | svTanog 
‘steng ! @4SGM DOOM 
passog | 


STens pooa Jo sasATouy - *T THVI 


“H 


——- <a —wequme- - 28 -a me 7 oom eo & 


o Catia i RE EN ee 


oof ‘9 | e2eeepunod aed “nag 
OT | oe te eceeesceongy 
re) Pe se 00 86 © 2 ETS 
9° £C eooroccoce san AXO 
T° } eoecees oUOROIITIN 
6° LE gee eee 624: NOG Te 
ak voces euesorpAg 
sSTsA[ ous O7VUTITA 
| : 
Ot | eo cccecoccoosucy 
G°6 | ‘***u0qgred pexTa 
G°S9 *1849GU STTPBTOA 


veoecee* BINYSTON 
:stTsA[eue eyuNTxXorg 


oogle 


C 


Owing to its low heating value per unit of volume as well as per pound, 
the cost of transportation of wood waste per 1,000,000 B.t.u. is relatively 
high. Usually, its use for fuel is economical only near lumber mills or 
Where some low-cost means of transportation is available, such .as by barges. 
pee ee @ special are of clamshell for moving wood waste. 


STORAGE 


As the supply of wood-waste fuel, particulary for. the larger users, is 
seldom continuously available, it is usually necessary to provide for some 
storage. When it 1s a byproduct of the manufacture of lumber, the quantity 
of wood waste produced depends on the lumber output of the mill, which varies 
with demand, and also on Weather conditions in the logging area, Many mills 
smooth out their working schedule to some extent by storing logs on land or 
in wator, but these storage facilities often are insufficiont. Figure 5 shows 
loge in storage in mill pond. | 


When storing hoggod fuel in the open, it. is advisable to build the pile 
as high as possible rather than spread thd fuel over a greater base area, 
This tends to lower absorption of moisture fromrain and snow. Various types 
of bulk-handling storage equipment can be used. Figure 6 shows dragline 
mothods to move the fuel, a large rake being used in one case and a drag 
bucket in the other, Figure 7 shows the use of a bulldozer for distribution. 


Some changos occur in wood while in storage. W. E. Briggs, Superin- 
tondent of Steam Plants of the Portland General Electric Co., one of the 
largest storers and users of wood-waste fuel, reports by letter as follows: 


Our experience with fir hogged fuel stored in large piles 
for one year would indicate the following: 


1, Loss in volume about 20%. This is due to settling and 
compacting of the fuol and does not represent any weight loss. 
This shrinkage in volumo varios with the type of fuel, that is, 
the percontage of shavings, sawdust, and chips. : 


2. Volatile, misture,. and B.t.u. content are affected 
very little. Increase in misture content will depend largely 
on weather conditions while pile is being built. Total loss in 
B.t.u. content is probably never over 5%.. ae 


3. The big change that takes place is in "burnability." 
The fuel in storage loscs its fiber strength and tends to lay 
on the furnace grates in a compact mass, mking it difficult to 
introduce combustion air properly. This characteristic of fuel 
recleimed from storage appreciably affects both furnace efficiency 
(because of greater excess air) and furnace eapactly (smaller 
amount of fuel can be burned per hour). 


It is good practice to use stored wood within 1 yoar. Longer periods 
may show greater losses, particularly in volatile-mattor content, 
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Figur 


e 6. - Drag-line method to move hogged fuel in storage. (Top) Use 
of large rake. (Bottom) Use of drag bucket. 
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Spontaneous heating develops in hogged-fuel storage piles. As soon as 
fresh wood waste is piled, some heating begins from oxidation. In small 
piles, the heating seldom causes temperatures high enough to produce actual 
fires; more difficulty from firing occurs when the waste is stored outside 
than under cover. There is mch evidence to show that pleces of metal in 
contact with the wood waste may create local points of accelerated heating. 
Hot wood waste is very corrosive to metals, and such contact should be 
avoided, Boals/ reports temperature measurements by thermocouples in a 
pile of hogged fuel 23 feet high, which showed, for a point near the top of 
the pile, an increase in temperature for about 45 days until a temperature 
of 190° was reached. The temperature then dropped slightly. However, after 
about 9 months, the temperature in an outer section of the pile near the base 
rose rapidly, and smoke odors were noted. An active firing spot then 
developed, the location being about 2 feet above the ground in a pit formed 
by the removal of fuel around a pole. Smoke continued to appear at other 
locations every few days. i | 


The best method of handling a storage fire is to remove the burning or 
heated fuel at once to the boiler furnace. If necessary, the fire may be 
controlled by the use of water or steam. Steam usually will not increase 
the moisture content of the fuel as mch as water and-can be distributed 
more readily in all directions over the fuel surfaces.. 


FURNACE DESIGN 


“as designing a furnace for wood waste, abantica can be considered 
from the standpoint of three steps - (1) evaporation of moisture, (2) 
distillation and burning of volatile matter, and (3) burning of the resultant 
carbon. The evaporation of moisture and distillation of volatile matter 
are heat-absorbing processes, the first requiring a relatively great amount: 
of heat, particularly for the high-misture wood wastes, and the second a 
small amount. Furnace design mst provide that this needed heat for 
evaporation and distillation be applied effectively, that the volatile matter 
and fixed carbon be kopt hot enough to burn, and that proper air supply for 
the burning be maintained at the correct places in the furnaces. 


Heat for the incoming fuel can be supplied from the burning by 
reflecting arches and walls and by direct radiation. Qne means of reducing 
the moisture content is to pre-dry the wet fuol in dryers heated by hot 
flue gases leaving the boiler equipmont. ° Mechanical presses that reduce the 
misture content of wet wood waste, such as bark from about 80 to 65 percent, 
aro sometimes used, Preheated air for combustion often is used. ‘The 
positioning of the incoming air for combustion is very important, most 
installations using an appreciable percontage of "overfire” air. Good | 
turbulence is required to provide a satisfactory mixture of ea a ala and 
air; stratification of the gases often causes excessive smoke. 


Further factors to be considered in planning equipment for wood-waste 
burning include the exact type of waste, such as the kind of wood, tho 
percentage of bark, the percentage of sawdust, and the amount of foreign 


ry, Boals, R. B., Experience With Large Woodwaste Piles: Power, vol. 89, 
May 1945, 
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material such as sand or other ash-increasing substances. Nonroesinous woods, 
such as redwood and hemlock, burn slower than the resinous woods,’ such as 

the pines; the faster~burning: woods can contain considerable moisture and 

yot burn about as readily as the slower-burning woods that contain little 
moisture. Where thore is mech sandor dust, explosion possibilities mst be 
given consideration and any untimely ignition of dust and air mixtures 

. avoided, Foreign ash in the fuel increases difficulties in operation, | 
lowering boiler capacities by contributing to clinker formation on the grates 
and slagging on the boiler tubes. It also increases fly ash or cinder carry- 
Over to the stack, Where there is appreciable cinder carry-over, cinder traps 
often are installed, the cinder being reinjected to the furnace to burn out 
the remaining combustible. 


The Dutch-oven type of furnace extension, shown in figures 8 and 9, is 
usod in many wood-burning installations. This permits evaporation of 
moisture and distillation of the volatile in a furnace whose temperature is 
not appreciably affected by the colder boiler surfaces. Refractory walls and 
arches can be arranged so that the desired temperature can be obtained from 
the heat supplied by burning some of the volatile and the relatively small 
amount of resulting or fixed carbon, The high amount of volatile leaving the 
Dutch oven is burned in the furnace undor the boiler, 


The flat-grate typo of Dutch oven (fig. 8) is ordinarily about 8 feet 
wide by 9 foet deep and has one feed opening through tho top arch. This 
opening is located so that the depth of the pile at the base of the cone 
is 8 to 12 inches at the bridge wall and 2 to 3 inches at the front wall. 
Occasionally, two feed openings are used, one in front of the other, so that 
two piles are formed. Tho gases of the front pile pass around and over the 
rear pile, tending to blanket it. It is generally considered that the use 
of two such openings tends to reduce capacity. In many installations having 
the larger boilers, the Dutch oven is more than one "cell". wide, a feed 
opening being used for each cell, resulting in fuel piles side by side. 
Often a parting wall of refractory is built between the cells, sometimes 
just high enough to separate the base of the piles and sometimes reaching 
to the top arch. The height of the arch over the Dutch oven is quite 
important from the standpoint of maximm possible boiler loads, ‘The height 
of the fuol bed is varied by the operator to met required boiler loads, 
the height increasing with the load. If the fuel bed is raised too high, 
however, a choking action results under the arch, which retards combustion, 
Ordinarily, a distance of about :12 to 15 inches is maintained from the apex 
of the cone to the top of the arch. A drop-nose arch is often used at tho 
outlet of the Dutch oven, This reflects heat back into the oven and improves 
mixing of the gases, thus giving better combustion. 


The grates in Dutch ovens may be horizontal, set at a slight slope, 
as in figure 8, or inclined at 35° to 50°, as in figure 9. The percentage 
of air opening ranges from about 8 to 30. Water-cooling of the grates is 
practiced a great deal, particularly where the air is preheated, Some grates 
are cast with water channels to provide direct cooling, and others are cooled 
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by water pipes clamped underside, the grate being cast with an underside 
curvature, into which standard pipe fits. Tubular-steel water-cooled grates 
also are used, 


With the flat grate, most of the air passing through the grate is 
directed to the edge of the fuel pile or cone, owing to the greater re- 
sistance of its thicker central part. This results in practically all» 
of the combustion on the grate taking place along the rim of the cone. 

Farther up the pile, combustion is largely on the surface of the cone. This 
has led to use of over-firo jets in two or more walls of the furnace. Such 
Jets, properly placed, can provide turbulence as well as oxygon, which results 
in better mixing, more efficient combustion, and less smoke. For forced 
draft, the maximm air pressure required under a grate with some 20 percent air 
opening seldom exceeds 0.5 inch of water, many plants using less. The 

highest pressuro needed occurs just before the fire is cleared of accumlated 
ash, owing to the increased fuel-bed resistance. Cleaning is usually required 
every 48 to 72 hours; the fuel feed is cut off, the fuel bed lowered, and 

the ash removed by hand tools. 


The inclined grate (fig. 9) requires feeding equipment that will supply | 
a uniform quantity of fuel over the entire width of the grate. The most 
active burning area is at the bottom of the grate, intensity of burning 
decroasing gradually to the top, which forms the drying section. The per- 
centage of grate area under active fire decreases as the misture in the fuel 
increases. As the fuel at the bottom of the grate is consumed, the fuel bed 
moves downward, the fresh fuel at the top feeding onto the grate by gravity. 
This type of grate provides a thinner, more uniformly active fuel bed than 
the flat typos; however, occasionally a portion of the grate area is 
exposed, owing to a slippage of the bed or to fucl being blown from the grate, 
and an excessive quantity of air passes through the hole in the fuel bed, 


The furnace under the boiler or the final combustion chamber mst | 
provide ample space for completing the burning of the combustibles from the 
Dutch oven. Best results are obtained if full flame longth travel is 
Provided, so that the flames do not strike the cold boiler tubes. Secondary 
air under damper control is often admitted to this combustion chamber; 
figure 8 shows one method through the bridge wall. Such air tends to givo 
better mixing and shorter flame length. For the larger boilers that carry 
relatively high loads, water walls often are used (fig. 9). Where dry wood 
wastes, as from wood-working plants, are to be burned, possible excessively 
high temperatures may make water walls desirable. Such walls serve as 
boiler-heating surface and are used to lower the temperature of the furnace 
a calculated amount, so that loss difficulty 1s experienced with melted 
ash on the front boiler tubes. Attempt is made to maintain a tomperature 
of the gases, just before they reach the boiler tubes, that 1s below the 
melting point of the fly ash, so that it will not slag on the tubes. However, 
the furnace temperature met not be lowered to the extent that smoke or 
unsatisfactory combustion results. Water walls also lower furnace refractory 
mintenance and boiler outage time. 
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Spreader stokers are now being used for burning hogged fuel (fig. 10). 
The fuel is screened through about a 2 inch screen, the coarser part not 
passing the screen being fed to the furnace through a spout at a point 
considerably above the grate level. Usually the grate is of the traveling 
type, discharging the refuse continously. Air-preheating is desirable. 
Such installations give considerable fly ash carry-over, and the use of cinder 
traps should be eonescereds 


Experiments have been made recently on an underfeed method of firing 
wood waste that is said to offer desirable features. The wood 1s moved by a 
reciprocating ram from a bin through a.conveyor pipe to a furnace retort, 

- The fuel is burned in a pile that is supplied with new fuel from underneath. 
Good control of the fuel feed and also of the air can be obtained to permit 
of chosen combustion conditions. 


Wood waste is often burned with other fuels. Furnace size requirements 
for wood waste are somewhat similar for oil, gas, or pulverized coal, all of 
which are used with wood waste. Where there is a relatively small supply of 
wood, it can be used as an auxiliary fuel itself with many types of fuel- 
burning equipment, such as hand-fired, stoker-fired, or pulverized coal, oil, 
or gas. Such wood waste is usually directed to the combustion chamber 
through an auxiliary chute. 


Sawdust with the chips removed ts frequently used as the fuel for 
heating commercial buildings and also residonces in areas adjacent to the 
source of large quantities of this product. <A emall furnace of the Dutch- 
oven type is connected to the ordinary furnace at the opening provided for 
the removal of ashes when firing coal (fig. 11). The grate is removed, and 
the ash pit of the conventional furnace is lined with refractory and becoms 
part of the combustion chamber. The Dutch oven is equipped with either a 
stop grate or inclined-feed grate that slopes to a flat perforated plate, the 
sawdust being fed froma hopper. Primary air for combustion is supplied 
through an adjustable opening that directs the air under tho fuel bed, 
Secondary air is admitted through an opening over the fuel bed, usually in 
the top of the Dutch oven, and equipped with a cover, so that tho area of 
opening can be adjusted to the load conditions. The rate of combustion can 
be regulated eithor by manual operation or automatic thermostatic control 
of the draft openings, The fire is usually cleaned every 24 to 72 hours, 
depending on load conditions. 


Table 2 lists general data on a number of wood~burning installations 
that are examples of present day plants, 
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